Leaf cuttings of three cultivars of Achimenes, 'A09', 'A16', and 'A23' were taken from stock plants of different ages and photoperiod treatments to determine the effects of these environmental treatments on subsequent growth and development. The cuttings were planted and placed in either long days (LD, 16 hours) or short days (SD, 8 hours) at 20°C in growth chambers. Stock plant leaf age had significant effect on rhizome, shoot, and stolon initiation. Old leaf tissue had a greater propensity to initiate rhizomes, 2 times more than that of young tissue. Young tissue responded with the production of shoots and stolons, 25 and 3.5 times more, respectively, than that of old tissue. Rhizome response was also promoted when leaf cuttings received a LD stock plant photoperiod followed by a SD propagation photoperiod.
INTRODUCTION
Achimenes, also known as Hot Water Plant or Magic Plant, is a member of the Gesneriaceae and is native to Central America and northern South America. This species has long been cultivated, since the late 1700's, when it was first brought to England (Jungbauer, 1977) . Popularity decreased but Achimenes had a resurgence again in the 1940's, with breeding in the United States and Europe (Vlahos, 1991) . Commercial cultivation diminished, until recently when there has been a renewed interest. Achimenes are well suited for production as pot plants, mixed containers, and hanging baskets (De Hertogh and Le Nard, 1993; Dole and Wilkins, 1999) . The potential also exists for this species to be used as a bedding plant. Achimenes are attractive because of their flowering potential and diverse colors, including reds, yellows, pinks, blues, violets, and whites and flower continuously until dormancy. This research evaluated three new cultivars and the influences of tissue age and photoperiod treatments on rhizome, shoot and stolon initiation. Minimal information is available on the effects that plant age has on the propagation of Achimenes, and limited work has been done regarding photoperiod.
MATERIALS AND METHODS
Stock plants of Achimenes 'A09', 'A16', and 'A23' were grown under greenhouse conditions under long days (LD) or short days (SD). LDs were accomplished by using night interruption lighting with incandescent lighting to achieve 16 hour days and SDs through night shading with black cloth to achieve 8 hour days. 'Old' stock plants were 27 weeks from planting, (planted November 11, 2002) treatments were 8 hours and LD treatments were 16 hours. The four treatments were: long days to short days (LS); long days to long days (LL); short days to long days (SL); and short days to short days (SS). Stock plant tissue age was young or old.
Leaves were evaluated 8 weeks after initiation. Observations were made on rhizome formation, shoot production, and stolon production. Rhizomes were classified as small developing bulblets (>1 mm in diameter) on the petiole or on underground roots and stolons. Shoots were defined as vegetative growth exhibiting a stem with developing leaves, and stolons were classified as an above ground stem with no developing or expanding leaves. Data presented here are on the binary response.
The experiment was a three way factorial with treatments of photoperiod, tissue age, and cultivar. Analysis of Variance (ANOVA) was completed using SAS (SAS Institute, Cary, N.C.). Mean separations were performed using Tukey's LSD at P = 0.05.
RESULTS

Rhizome Response
The age of the leaf tissue used for propagation had an effect on rhizome formation. Old leaf tissue had a significantly higher response to rhizome formation to that of young tissue. Old leaf cuttings responded with rhizomes 94 percent of the time, while young leaf cuttings only responded 41 percent (Fig. 1) . There was also a leaf cutting response to the photoperiod treatment. Leaves propagated under SD (LS and SS) responded more in the initiation of at least one rhizome. However, only LS treated leaves were significant in rhizome formation response than that of other photoperiod treatments (Fig. 2 ).
Shoot and Stolon Response
Shoot response was significantly affected by the age of plant tissue. Young tissue responded 74 percent of the time with at least one shoot initiated, while old tissue, just 3 percent (Fig. 3 ). There was a significant effect on stolon response in young tissue. Eighty eight percent of young leaves responded, while only 25 percent of old leaves initiated at least one stolon (Fig. 4) .
DISCUSSION
Achimenes are easily propagated from leaf cuttings. However, initiated growth responses are varied, depending on plant age. This could be advantageous, depending on the desired need. Our findings showed some leaves responded only in one growth response, while others responded with a combination of structures. It is well known that age of propagation material has an effect on subsequent growth and development (Hartmann et al., 1997) .
Age of tissue had an influence on the response of leaf cuttings. Old tissue responded with production of storage structures (rhizomes). In contrast, young tissue responded with vegetative structures such as shoots and stolons. Little information is known about the function of the stolon structures. Further investigation is needed as to the specific role and function of the stolons.
The initiation of rhizomes on old tissue was more than 2 times greater when compared to young tissue (Fig. 1) . Similar rhizome development on leaf cuttings was found by Deutch (1974) , Wikesjo (1981) , and Vlahos (1989) . Vlahos (1989) reported that young leaves produced more shoots and fewer rhizomes in tissue culture.
Shoot response from young tissue was 25 times greater, and stolon response was 3.5 times greater, than that of old tissue (Fig. 3 and 4, respectively) . Similar findings were found in vitro (Vlahos, 1989) . The differences between young and old tissue responses could be explained by variations in endogenous hormone levels. The observed responses suggest a difference in partitioning of carbohydrates. The possibility exists that endogenous hormones and light duration and quality, either in combination or individually, play in important role in this portioning and development of rhizomes or shoots and stolons. Gibberellins are known to have an adverse effect on tuberization process, while cytokinins have been shown to be promotive in the process (Deutch, 1974) . To date no studies have investigated endogenous hormones in Achimenes.
The type of morphological structures that are initiated from leaf cuttings can be important for the propagation of Achimenes. An increased response of shoot production is important in subsequent stem-tip cutting propagation from leaf cuttings. Achimenes leaf cuttings have the ability to initiate several shoots per leaf. Further experiments would be needed to evaluate the effectiveness of this approach. For rhizome production, the propagation of older leaf tissue could be an alternative and economical way for rhizome production.
The rhizome formation response was significantly greater when the leaf cuttings were propagated with a photoperiod ending with SD. However, this response was only significant when preceded by LD in this study. This is consistent with previous studies that show that SD, depending on cultivar, increased the number of rhizomes in Achimenes (Vlahos, 1990) . This work suggests that SDs stimulate the development of rhizomes, but may not be the primary stimulus to initiate and subsequently develop rhizomes in Achimenes. In the current study, LD did not suppress rhizome initiation, which was also shown by Vlahos (1990) in Achimenes and was observed in tuber formation in dahlia (Legnani and Miller, 2000) , begonia (Fonteno and Larson, 1982) and rhizome formation in lotus (Blumenthal and Harris, 1998) . Tuber formation is often a photoperiodic phenomenon, and as such, it is important to consider the role of phytochrome and light quality in relation to endogenous hormones. Deutch (1974) reported that bulblet formation and inhibition was dependent on the quality of light under which the cuttings were propagated. It is important to note that light qualities were not controlled for in this study. Results do not take into account the switch from solar radiation to artificial lighting. Such control of lighting may further describe in detail the results obtained.
This study provides more insight into the little known growth responses of Achimenes. Further research should be conducted in regards to physiological studies of the hormonal properties in combination with varied photoperiodic and photo quality treatments of Achimenes to provide valuable insights to physiological responses, such as the misunderstood dormancy mechanism(s). The percent of Achimenes leaves initiating rhizomes under various photoperiod treatments (initial stock plant photoperiod and final propagation photoperiod: LS = Long Day stock plants followed by short day propagation; SS = short day stock plants followed by short day propagation; LL = long day stock plants followed by long day propagation; SL = short day stock plants followed by long day propagation). 
